Hepatocellular adenoma usually arises in the absence of significant fibrosis. Herein, we report seven patients with serum amyloid A-positive hepatocellular neoplasm, which shares features with inflammatory hepatocellular adenoma arising in alcoholic cirrhosis. Seven patients (two women and five men, age range 41-67 years) with hypervascular hepatocellular nodules associated with alcoholic cirrhosis were retrieved from our pathological files (1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011). The hepatocellular nodules were multiple (43) in all patients and 17 nodules were histologically examined. We surveyed the immunoreactivity for serum amyloid A, glutamine synthetase, and glypican-3 in the hepatocellular nodules and control lesions, including 5 focal nodular hyperplasia, 18 dysplastic nodules, and 54 hepatocellular carcinomas in various background diseases. In all, 15 of 17 nodules showed strong and distinct immunoreactivity for serum amyloid A, sharing features with inflammatory hepatocellular adenoma. The serum amyloid A-positive hepatocellular neoplasms showed increased cellular density, inflammatory infiltrate, sinusoidal dilatation, and ductular reaction to various degrees. Although about a half of dysplastic nodules and hepatocellular carcinomas showed focal immunoreactivity for serum amyloid A, the extent of serum amyloid A expression was significantly higher in serum amyloid A-positive hepatocellular neoplasms, than in control nodules. The serum amyloid A-positive hepatocellular neoplasms did not show the overexpression of glutamine synthetase or immunoreactivity for glypican-3. In contrast, most hepatocellular carcinomas showed the overexpression of glutamine synthetase and immunoreactivity for glypican-3, irrespective of background diseases. In conclusion, this study highlights a characteristic group of hepatocellular neoplasms arising in alcoholic cirrhosis, which share features with inflammatory hepatocellular adenomas. These serum amyloid Apositive hepatocellular neoplasms may be a new type of inflammatory hepatocellular tumors in alcoholic patients.
Hepatocellular adenomas are benign monoclonal tumors occurring essentially in young women taking oral contraceptives. 1 In all, 85% of cases occur in young women; hepatocellular adenoma is rare in children, men, and the elderly. [1] [2] [3] [4] [5] Hepatocellular adenoma represents a heterogeneous entity, recently subclassified into several groups according to genotype and phenotype. [2] [3] [4] [5] [6] Genotyping has allowed the identification of three subtypes: hepatocyte nuclear factor 1a-inactivated (35-50% of cases), bcatenin-activated (15-18% of cases), and inflammatory hepatocellular adenomas (40-55% of cases), which could be identified by immunohistochemistry on paraffin-embedded material. [2] [3] [4] [5] [6] The incidence of hepatocellular adenoma is about 3-4 per 100 000 people in Europe and North America 1 but is lower in Asian countries, including Japan. The lower incidence of hepatocellular adenoma may be related to the lower prevalence of oral contraceptives in Asian countries, including Japan. 7 In our recent study on the subtypes and clinicopathological features of hepatocellular adenomas in Japan, we disclosed that inflammatory hepatocellular adenomas characterized by distinct immunoreactivity for serum amyloid A arising in men with alcoholic liver disease may be a major subtype of hepatocellular adenomas in Japan. 8 The study disclosed different clinicopathological features of hepatocellular adenomas in Japan from those in Europe and North America. 8 In the study, we examined 14 hepatocellular adenomas (7 women) and identified 1 hepatocyte nuclear factor 1a-inactivated hepatocellular adenoma (7%), 2 b-catenin-activated hepatocellular adenomas (14%), 7 inflammatory hepatocellular adenomas (50%), and 4 unclassified hepatocellular adenomas (29%). 8 It should be noted that half of all hepatocellular adenomas occur in men and hepatocyte nuclear factor 1a-inactivated hepatocellular adenoma showed rather a low incidence. Interestingly, four inflammatory hepatocellular adenoma patients (one woman) were heavy alcohol drinkers and one had alcoholic steatofibrosis and three had alcoholic cirrhosis in our previous study. 8 Hepatocellular adenomas usually arise in the absence of significant fibrosis; therefore, a liver lesion with a solid mass arising in a fibrotic/cirrhotic background is not thought to be a hepatocellular adenoma according to the diagnostic algorithm proposed in the WHO classification 2010. 2 There has been no other study describing hepatocellular adenomas arising in advanced liver diseases including alcoholic cirrhosis, to our knowledge. Our previous study 8 highlighted a group of hepatocellular adenomas, which are in conflict with the concept of 'hepatocellular adenomas'; therefore, more detailed analysis is mandatory to establish this unusual type of hepatocellular adenoma. Focusing on this issue, we have further surveyed and analyzed hepatocellular nodular lesions arising in alcoholic cirrhosis. Herein, we report seven patients with serum amyloid A-positive hepatocellular neoplasm with features of inflammatory hepatocellular adenoma arising in alcoholic cirrhosis. Furthermore, we examined the immunoreactivity for serum amyloid A, glutamine synthetase, and glypican-3 in control groups including focal nodular hyperplasia, dysplastic nodules, and hepatocellular carcinoma in patients with various background liver diseases.
Patients and methods

Patients
Seven patients (two women and five men, age ranged 41-67 years; mean ±s.d., 52.9±9.7 years) with hepatocellular nodules associated with alcoholic cirrhosis were retrieved from our pathological files (1997-2011) ( Table 1 ). All patients were heavy drinkers and had been diagnosed with alcoholic cirrhosis. Hypervascular hepatocellular nodules were detected during follow-up. There was no rapid wash-out precluding a diagnosis of hepatocellular carcinoma. Hepatocellular nodules were multiple (43) in all patients and their size ranged 4-35 mm (mean±s.d.: 12±8 mm) ( Table 1) . Liver needle biopsy was performed for six patients for diagnosis and one patient underwent liver transplantation. Seventeen nodules were histologically examined. The original diagnosis of these nodules was hyperplastic hepatocellular nodule for seven, dysplastic nodule (adenomatous hyperplasia) for eight and inflammatory hepatocellular adenoma for two.
For comparison, we also examined 5 focal nodular hyperplasias, 18 dysplastic nodules, and 54 hepatocellular carcinomas in patients with alcoholic liver disease (n ¼ 18), non-alcoholic fatty liver disease (n ¼ 7), and viral hepatitis (n ¼ 29) ( Table 2 ). All of these specimens were obtained from our pathological files (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) and their clinicopathological back- Table 2 . Histological diagnosis of hepatocellular carcinoma was based on increased cellular density, cellular atypia, and reduction of reticulum fibers. Histological diagnosis of dysplatic nodules was based on increased cellular density, mild cellular atypia, no reduction of reticulum fibers, and lack of features of inflammatory hepatocellular adenoma, such as a ductular reaction. Liver tissue samples were fixed in 10% neutralbuffered formalin and embedded in paraffin. More than 20 serial sections, 4 mm thick, were cut from each block. Several were processed routinely for histopathologic study, and the remainder was processed for the following immunohistochemistry.
Immunohistochemistry
We used immunohistochemical markers such as liver fatty acid-binding protein, glutamine synthetase, b-catenin, and serum amyloid A for the classification of hepatocellular adenomas. We also used glypican-3 as a marker of hepatocellular carcinoma. 9 Immunohistochemistry was performed as described previously, 10 using the primary antibodies; liver fatty acid-binding protein (rabbit polyclonal; Abcam, Cambridge, UK, 1:50 dilution), glutamine synthetase (mouse monoclonal, clone GS-6; Millipore, Billerica, MA, USA, 1:200 dilution), b-catenin (mouse monoclonal, clone 14; BD Transductions, San Jose, CA, USA; 1:200 dilution), serum amyloid A (mouse monoclonal; clone mc1, Dako, Glustrup, Denmark, 1:100 dilution), and glypican-3 (mouse monoclonal, clone 1G12; Nichirei, Tokyo, Japan, pre-diluted). In brief, after pre-treatment using a microwave with citrate buffer (pH6), 95 1C, for 20 min, blocking endogenous peroxidase, sections were incubated with the primary antibody at 4 1C overnight. The Envision þ solution for mouse and rabbit (Dako) was then applied for 30 min at room temperature. The reaction products were visualized using 3-3 0 -diaminobenizidine tetrahydrochloride The sections were then lightly counterstained with hematoxylin. Similar dilution of the control mouse or rabbit Immunoglobulin G (Dako) was applied instead of the primary antibody as a negative control. Positive and negative controls were routinely included. The extent of immunoreactivity for serum amyloid A and glutamine synthetase was semiquantitatively assessed as follows: 0, positive cells; 1, o30%; 2, 30-70%; 3, 470%. When the immunoreactivity of glutamine synthetase was assessed as 2 or 3, it was regarded as glutamine synthetase overexpression.
Statistical Analysis
Numerical data are presented as the mean±s.d. Data from different groups were compared using one-way analysis of variance and examined with the Kruskal-Wallis test followed by Dunn's posttest. The results were considered significant if the P-value was o0.05. Tables 1 and 3 In all, 15 of 17 nodules histologically examined were serum amyloid A-positive hepatocellular neoplasms (Figure 1) . Hepatocellular neoplasms in patients 6 and 7 had been reported as benign hypervascular hepatocellular nodules by our institute. 11 These serum amyloid A-positive hepatocellular neoplasms showed increased cellular density, inflammatory infiltrate, sinusoidal dilatation, a ductular reaction, and thick arteries to various degrees ( Figure 1 ). These serum amyloid A-positive hepatocellular neoplasms showed rather mild cellular atypia and no reduction of reticulin fibers. These histological and immunohistochemical features in serum amyloid A-positive hepatocellular neoplasms were the same as those in inflammatory hepatocellular adenoma. The remaining two nodules were diagnosed as benign hyperplastic hepatocellular nodules resembling focal nodular hyperplasia showing map-like immunostaining for glutamine synthetase and negative for serum amyloid A. The association of hepatocellular carcinoma was not seen in any case examined. All background liver showed established micronodular cirrhosis, consistent with alcoholic cirrhosis (Figure 1 ). Mild steatosis was found in the background liver in two patients. Table 4 summarizes the immunoreactivity for serum amyloid A, glutamine synthetase, and glypican-3 in the groups examined. As described above, the immunoreactivity for serum amyloid A in serum amyloid A-positive hepatocellular neoplasms was extensively and significantly higher, than other control hepatocellular nodules (Po0.01). It should be noted that two hepatocellular carcinomas in alcoholic liver diseases showed extensive immunoreactivity for serum amyloid A, similarly to serum amyloid A-positive hepatocellular neoplasms ( Figure 2 ). Focal immunoreactivity for serum amyloid A was observed in about a half of the control groups ( Figure 2 ). Background livers also showed focal Figure 2 ). There was no difference between hepatocellular nodules and background livers in the immunoreactivity for serum amyloid A in most control groups. All serum amyloid A-positive hepatocellular neoplasms, a dysplastic nodule, six hepatocellular carcinomas in alcoholic liver diseases, and two hepatocellular carcinomas in non-alcoholic fatty liver disease showed markedly more staining for SAA than the background liver ( Table 4) . The serum amyloid A-positive hepatocellular neoplasms did not show overexpression of glutamine synthetase or immunoreactivity for glypican-3 at all ( Figure 3 ; Table 4 ). In contrast, most hepatocellular carcinomas showed overexpression of glutamine synthetase and immunoreactivity for glypican-3, irrespective of background diseases (Figure 3 ; Table 4 ). Focal nodular hyperplasias showed a map-like immunoreactivity for glutamine synthetase as shown previously, 8 and no focal nodular hyperplasia showed overexpression of glutamine synthetase. Focal nodular hyperplasias showed no immnoreactivity for glypican-3. In all, 3 of 18 dysplastic nodules showed overexpression of glutamine synthetase, whereas no dysplastic nodules showed immunoreactivity for glypican-3 (Table 4) . Glutamine synthetase overexpression was significantly more frequent in hepatocellular carcinoma in all groups than in serum amyloid A-positive hepatocellular neoplasms, focal nodular hyperplasia, and dysplastic nodules ( Table 4 ). The expression of glypican-3 was significantly more frequent in hepatocellular carcinoma in patients with alcoholic liver disease and viral hepatitis than in serum amyloid A-positive hepatocellular neoplasms, focal nodular hyperplasias, and dysplastic nodules (Table 4 ). 
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Discussion
This study clearly demonstrated a distinct group of hepatocellular nodules showing strong immunoreactivity for serum amyloid A and histological features of inflammatory hepatocellular adenoma in patients with alcoholic cirrhosis. All of the serum amyloid A-positive hepatocellular neoplasms were detected as hypervascular hepatocellular nodules in the imaging study and some had been histologically diagnosed as hyperplastic hepatocellular nodules in a previous examination. These serum amyloid Apositive hepatocellular neoplasms showed different immunoreactivity for serum amyloid A, glutamine synthetase, and glypican-3 from focal nodular hyperplasia, dysplastic nodule, and hepatocellular carcinoma arising in alcoholic, non-alcoholic fatty liver disease, and viral hepatitis, and no evidence of malignancy. Taken together, it is conceivable that serum amyloid A-positive hepatocellular neoplasms may be a special type of inflammatory hepatocellular adenomas arising in alcoholic cirrhosis, as we have reported. 8 To confirm proof of monoclonality or demonstration of gain of function mutations for gp130 will be mandatory in further studies. As these serum amyloid A-positive hepatocellular neoplasms showed several histological features resembling inflammatory hepatocellular adenomas, this lesion was not regarded as either a mere regenerative nodule or a mere dysplastic nodule.
There has been no other study describing inflammatory hepatocellular adenomas arising in alcoholic cirrhosis, to our knowledge. It is well known that hepatocellular carcinoma arises in various advanced liver diseases, including alcoholic diseases, whereas hepatocellular adenoma generally arises in the absence of significant fibrosis and background liver disease. 2 A liver lesion with a solid mass arising in a fibrotic/cirrhotic background is not generally thought to be a hepatocellular adenoma, as shown in the diagnostic algorithm proposed in the WHO classification 2010. 2 However, this study suggests the possibility of inflammatory hepatocellular adenoma arising in advanced alcoholic disease, in conflict with the diagnostic algorithm. 2 In this sense, serum amyloid A-positive hepatocellular neoplasms, possibly inflammatory hepatocellular adenoma, may be a novel type of hepatocellular adenoma. The associated factors include alcohol use, tobacco use, elevated BMI (obesity), and fatty liver disease in inflammatory hepatocellular adenomas. 2, 3, 12 Reportedly, the patients were more frequently exposed to alcohol in inflammatory hepatocellular adenoma, than in hepatocyte nuclear factor 1a-inactivated hepatocellular adenomas, 3 therefore, it may not be surprising that both inflammatory hepatocellular adenoma and cirrhosis develop at the same time in alcoholic patients.
Distinct immunoreactivity for serum amyloid A is a critical characteristic defining serum amyloid A-positive hepatocellular neoplasms in this study as well as inflammatory hepatocellular adenomas. 2, 3, 12 It is well known that IL-1b and IL-6 induce the expression of serum amyloid A in hepatocytes and hepatocellular carcinoma cell lines; 13 however, there is no study addressing the expression of serum amyloid A in hepatocellular carcinoma and benign hepatocellular nodules such as focal nodular hyperplasia, to our knowledge. This study disclosed for the first time that immunoreactivity for serum amyloid A was seen in benign and malignant hepatocellular nodules to various degrees. Hepatocytes in the background livers, especially in viral hepatitis, also showed focal immunoreactivity for serum amyloid A. It is likely that inflammatory or other conditions induce the expression of serum amyloid A in hepatocellular nodules and the background livers; therefore, positive immunoreactivity for serum amyloid A itself may not be a specific marker for serum amyloid A-positive hepatocellular neoplasms. However, immunoreactivity for serum amyloid A was significantly more extensive in serum amyloid A-positive hepatocellular neoplasms than in other control hepatocellular nodules. Furthermore, it should be noted that all serum amyloid Apositive hepatocellular neoplasms showed markedly more immunoreactivity for serum amyloid A than background livers. It is plausible that the markedly higher expression of serum amyloid A occurred because of genetic changes in serum amyloid Apositive hepatocellular neoplasms. A similar pattern was exceptionally observed in one dysplastic nodule, six hepatocellular carcinomas in alcoholic liver diseases, and two hepatocellular carcinomas in non-alcoholic fatty liver disease. Taken together, the markedly greater immunoreactivity for serum amyloid A compared with the background liver may be critical for the diagnosis of serum amyloid A-positive hepatocellular neoplasms, probably inflammatory hepatocellular adenomas.
Sometimes, it is difficult to make a differential diagnosis between hepatocellular carcinoma and benign hepatocellular lesions such as hepatocellular adenoma. In addition to histological findings, a reduction of reticulin fiber, glutamine synthetase overexpression, and the expression of glypican-3 are used as markers of hepatocellular carcinoma. None of the serum amyloid A-positive hepatocellular neoplasms was diagnosed as hepatocellular carcinoma according to the pattern of these markers in this study; however, the possibility cannot be excluded that these serum amyloid A-positive hepatocellular neoplasms might be extremely welldifferentiated hepatocellular carcinomas.
Interestingly, some hepatocellular carcinomas arising in alcoholic cirrhosis and non-alcoholic fatty liver disease showed distinct immunoreactivity for serum amyloid A, similarly to serum amyloid Apositive hepatocellular neoplasms. The associated factors in inflammatory hepatocellular adenomas included alcohol use, tobacco use, elevated BMI (obesity), and fatty liver disease; 2,3,12 therefore, this 14 have recently reported changing trends in the malignant transformation of hepatocellular adenoma. The prevalence of malignancy in hepatocellular adenoma was 10 times more frequent in men than in women in their study, 14 and they propose that management of hepatocellular adenoma should primarily be based on gender. Although oral contraception is a classical cause of hepatocellular adenoma in women but a marginal cause of hepatocellular carcinoma, metabolic syndrome appears to be an emerging condition associated with malignant transformation of hepatocellular adenoma in men, and is the likely predisposing condition for hepatocellular carcinoma in this setting. 14 In fact, hepatocellular adenomas in men were distributed almost exclusively in the inflammatory hepatocellular adenoma subgroup in previous studies. 3 Although no serum amyloid A-positive hepatocellular neoplasms were associated with hepatocellular carcinoma in this study, it is conceivable that serum amyloid A-positive hepatocellular neoplasms/inflammatory hepatocellular adenomas arising in men with alcoholic cirrhosis may have a higher risk of malignant transformation.
Several studies have demonstrated a hypervascular liver nodule showing similar imaging findings to hepatocellular carcinoma; hypervascular hepatocellular nodules, so-called focal nodular hyperplasialike nodules, occur in severe alcoholic fibrosis or cirrhosis. 11, 15, 16 This study disclosed that some such focal nodular hyperplasia-like nodules may be serum amyloid A-positive hepatocellular neoplasms/inflammatory hepatocellular adenomas. In fact, two of seven patients (patients 6 and 7) with serum amyloid A-positive hepatocellular neoplasms in this study had been diagnosed previously as hypervascular hyperplastic nodule/focal nodular hyperplasia-like nodules in our institute. 11 Focal nodular hyperplasia-like nodules associated with alcoholic fibrosis or cirrhosis in this study and our previous study 8 showed a typical map-like staining pattern of glutamine synthetase.
2,17 Differentiation of hepatocellular adenoma and focal nodular hyperplasia may be important because focal nodular hyperplasia generally does not require treatment and follow-up, whereas hepatocellular adenoma does. Further studies including imaging studies are mandatory to characterize serum amyloid A-positive hepatocellular neoplasms for assessment of the outcome of the nodules.
In conclusion, we have presented seven patients with serum amyloid A-positive hepatocellular neoplasms, probably inflammatory hepatocellular adenomas arising in alcoholic cirrhosis. This study highlights a characteristic group of hepatocellular nodules arising in alcoholic cirrhosis, which share features with inflammatory hepatocellular adenomas. These serum amyloid A-positive hepatocellular neoplasms may be a new type of inflammatory hepatocellular tumors having potential for malignant transformation in alcoholic patients.
